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427-040 

i^±] &d\e. 2\mh\ m&m ^souum 409-1203 

[5?S|] KR 

rasa ^hjii 

[&S2I g^fi^l] JUNG.Mu Kyeng 
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l^±] S?l£ ^SAI SS§ 

405-1102 

KR 

IflXI] ^51 a J1I4250I ^§011 o|°1 ii, J]|60£°l 

Oil 21 S SS^Al S §?SUQ. CH£I£1 

01 Si! (21) LH 2.1 £i 

[^i^tas] 20 B 29,000 £! 

PfyiiS] 17 3 17,000 SI 

[?t!3?ifg] 0 2J 0 

[^AlS^g] 24 m 877,000 SI 

[2MI] 923,000 m 

la^Aiwi 1. s2fAi-a/diAi(£a)_is 
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[-2-^] 

J7 ^ -fr^nl- ^ ^0_S. MIM ^2flAlE^l- i*}"^. MIM 

^SflAjEi^ AVJf ^ ^ ^>«- ^ Aj-ofli, Aj-7] MIM ^3lflAlE^ Aj-tL ^ Aj-ofl *fll Wl 

A oM ^]2 ^^^ v A oHl^ ^ ^12 tiW*^§- ^71 #Jf ^jzj. <£ 

«fl^#°l ^Aj^o^ MIM ^ tiflAj^^-o^ ^2)7l^# 3711 t> 

^1^711 ^r^Sl aV^^l 4i*Kr tiflAjwJ-^^- ^^l^ 

^s}-^ MIM ^r^Sc 

£ 3 



38-3 



1020020078905 #^ <Qx}: 2003/2/26 

M I M(M etal-Insulator -Metal) ^^^1^1- ^ ^S.^} 
{Semiconductor device having MIM capacitor} 

£ l^r ^Hfl 7l^ofl ^€ MIM ^SflAjEil- ^ aj-r:^ C^^olcf 

£ 2tt MIM tH^aIeII- i*HH -^ofl nfs 

£ 4 tfl*l £ 10-B- £ 3*11 £Al*V MIM ^SflA]Ei# tO-rr^j 

te^ll 4i*Hl ^5L, ^Ml*}^ 

MIM(Metal-Insulator-Metal) -7i 3fl a] e^ ^ ^£^1 rt^Hl ^ojcf. 

MIS(Metal-InsuIator-Semiconductor) ^sflAjE^ -B-^^l^ v -4 -^el^^f A|-o]ofl ^-^-^^1 
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nvo] ^slM ^(capacitance)* *r &7ll £1534. "H 

7} MIS ^sflAlEU iMtl- ^ MIM(Metal-Insulator-Metal) Ti^tH* £ o g£)-7ll =1 

£ l£ ^efl 7l^«fl sl«H MIM ^5flAlE^# ^ tiVs^l ^^>^l 

«V£*fl 71^(11) #6fl 7flolE(i 3 ) ; ^^(15) =eflol(17a, 17b)* 
if-*Hr M^liE^l- ^>^5)<H 5U4. A c v 7] S^^l^o] £Leflo](i7a)^ sfl 
€(19)* MIM ^iflAlE^ <5>^- *1^-(21)°1 o^^tf. Aj- 7 ] MIM ^sflA]E^ s>^- 

^^•(21) ^Hl^ MIM TisflAlEio] -fj-^I 31^(23) ^ MIM Ti^Ei*] ^ ^^-(25)^1 ^ 
3<H #7] ^ *R(21) *I^-(25)£r ^-71 MIM n 

sflAlE^ ^(25) ^Ml^r «fl^fK27)°l <&%£\o) oic}. Aj- 7 ] e^^^e^ *f|2 B. 

^l^l(17b)^r 5L&*\} afl€(19) ^ Bfl^#(29, 31)* «H^(33)4 <g^^rf. 

S. HM, &^3L 35, 45, 55, 65^ ^<?1^-* 4-4^4. 

=1^), ^7} 5L ^ltt ^2fl^ ti}5L*fl 4i7>^ MIM TisflAlE^ ^^-(21) 

4 MIM ^sflAlE|^ Aj-a. ^^-(25)* ^^Rr tifl^d*(27)7i^) 7^7} ^o> 7^ 

71^1^7}- 4£*}7ll ^^4. oj^Tll 7 ]a$ ^^flAlE^ ^7} MIM ^sflAlE^] 3. 

<S^* ^711 =lEf. 

4*}^, #7l 71^ Tl^AlE^oll 5]^ MIM 7l 3fl A] E-| <^ ^ MIM ^3£flAlE^|7l- ^4^r 

^£-4 n °144 ^f^-Ti^ ^ A )7l7l *i<344 £ 
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^ ^^Mlfe tf-SfV] AjzV^ ^Al^cf. o]s\- &&t>}^ ^^nvo^ ^ofl rrf^ 

7]^ T^a]^^ <g^# ^ ^41- £ 2°fl £Al*Vcf. £ 2°]} M.*}^ ti >^- 

£ H £^1^; 7l^ofl 2]*fl :£7H1 ^^H, #7] 

*>■¥- ^^-(21)4 aJ-j=l *I^-(25H1 afl^d^(27) A}oH tg^jg 7 1 

$:0. S C]*fl Oj^O) MIM ^5flAlE^ ^-g. ^ 7l7 |. O^Cf. D^}^, Aj-7] 7 ] ^ ^ ^ A ] 

^^i, £ °1^L*} *>Tr -B^tt Aj-^^- ^1^* sfl^H 7]^ 

H^IMfi^S o]*V c$ifr£. o^]^ o>^^ S.AjCL| MIM ^3flAl£l» ^ ^-£^1 i7}f 

*)] 7}& Aj-ofl ^A^jt. <5>Jf ^^- > ^-^-HSV ^ Al-w- ^^-O.S ^Aj^ MIM ^SflAlEil- 
S^Vcf. ^7} MIM TisflAlE^ Aj-71 Aj-J=L ^ ^ Aj- 7 | ^.w. ^ ^-ofl fg Aj £) _H , # 7 ] 
MIM ^3flA]E^ A o V 7 l ^ ^ A cMl ^11 Wlo>^ £i=. ^ ^7_> ^cgnVol n>^^lcf. 

A> 7 1 UlO>^ vflofl ^ Sflj=^ ^ aflAi^O] ^Aj^O^ Olcf. Aj-71 MIM ?i2flAlE| A o V 

^ Aj-7] ^ sflc^ S.^ tiflAjA^ ^ 2 tiloj-^g- #i=. ^ 2 ^tJ. ^cg^o] 
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*8^^I<H 5W. A oM *fl2 «M* vlH ^ sflH^ «fl*I#-8- MIM 

^uflAlEio] A o l- 7 l #jjL ^^-4 o^S)^- afl^f^l U^^M 5fll=K 
<14> ^-71 MIM ^3flAlE^ Aj- 7l ^J* Aj- 7 1 ti>c^ 7 ] ^- Aj-ofl ^ A^ JEL^S]- ^ 

*r A oM ^ #^£r &&*\ #*}*r ^HflS 

<15> a o > 7 1 aV« ^ ^w.ofl fgA^ AV 7 ] -fr^^ 7} Aj- 7 j ^ ^^-Ol tg^s} 

^V5K\ FSG^h OSG^-, ^ SiC^ o]± ^ SEfe ois-o^ ^nvo.s. 

^£ Sfl^ol t§^£M ol^ ^ 014. a o 1-71 ^7} ^ fg 

<16> #7] ^! ^tJ- ^^nV^. A o V 7 ] Hlo>^.^.rf 3JH ^7l ^1 «1 ^^.^ ^ S°l 

S ^7\S- <r a!4. ^-71 *fl2 ^-71 *fl2 tilo>^ 

4 a:n #7l ^12 H]o>^^.cf ^ ao] S ^7>s. ^ ^q-. 

<17> a o v 7 ] ^4 = ^ afl^^o. A o > 7 ) ^! *7J- ^0^3)- ^o]S_ <§Aj^ ^ 

A oM ^^H^ s.^ HflA}^o] a o V«. ^o] s}^- S-Jicf 3. ^o] taj-B^^t]-. 
<18> ^"71 MIM Tl^flAlE^ Aj-«- C^S)^ ^7) Wfl^^ Aj- 7] ^ 2 ^<£^4 

^ sm. 

<19> ^. ^-tgo) cf^. oflofl o^tt ^£^1 ^7>^ 7l# ^oj] ^Ajsjjr A o > 7 ] wY^] 

71^- Aj-ofl ^Aj^ eg 0*54 ^^>^ MIM 7l3flAlE^ ^ ^-g- i^*Vcf. Aj. 7 l 
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^ A oHl -e-^^^l 3X3- , #7] A oHl MIM ^sflAlE^ #j=l 

&^ Q ] MIM ^2flAlEi^ Aj-JjL Aj-ofl ^<gnV sfl^ol ^^5|<H 5a 

4. A o V 7l ^<2^ 51] ^ -S-ofl AV 7l MIM ^sfl^B^ Aj-7] Aj-*L ^ AT-ofl ^1 tilo>^ £ 

#*Hr *ll2 wW^8: 5Hr *fl2 «8^3<H &4. A o V 7l *fl2 iflofl aJ- 

<20> Aj- 7l MIM ^ i|| A] B] Si Aj-JjL ^ §>«.6fl 7§A^ Aj- 7 1 -B-^i^nVSl ^7> #7l 

^ A oM ^ #*Rr <§3|3. ^€ *r 5a4. 

<2i> ^-71 ^ ^Hlfe ^5^\ ^S}-^, FSG4, OSG^-, ^ SiC^ f 2] *>4^ 

mL*$ ^ tifl^i^ *\sL ^7flS] wfl^o.^. tg^jg ^ ^r}. 

<22> a- t^S] £ cf-g- oflbfl ^r£^l ^a>^ tfV£*fl ^ ^<Hj ^Ajsjj! Aj- 7 ] u> £ 

*fl 7^ #<*f| ^£ #^1- <3^4 MIM TlsflAlE^Sl ^ *i^.-g- S^4. A o V 

7) ^"71 a>£^l #°fl ^71 *>Jf ^ ^ 

^17V Zl olS]^ ^^o]l fgA^ ^^1^ ^7\) -^-^^1^ ^Wl*>4. A ^7l 

^]nVol ^^^T ^^^1 MIM 7] ^ A] E^o] Aj-JtL ^ Aj £| ol^. Aj- 7 ] MIM ?I 3fl A] E^ 9] 

^ ^ A oHl *£<£^ Sfl^o] ^^5]^ olrf. Aj- 7 ) ^^nV Aj-ofl A o V 7 ] MIM ^jjflAl 

A o V 7l Aj-«. ^ ^ ^ U tilof^ m ^ ^c^nVol ^^Slol ^4. ^7) 
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m «M£ ^H^l ^ ^ afl-idf^l *8^3°1 9X^. MIM a o v«o^ 

A c^l €^ sflJEL^ wfl^i^-i: ^#*Hir *fl2 $Hr ^12 ^<3*W tg^s] 

<H $1^. A oM ^2 til^># tfl^ ^"71 SflH.^ s.^ aflAif^ Aj-7] MIM ^sfl 

^ £^ o^S}^ tifl^#o] ^^s)ol Ojcf. 
<23> Aj- 7l A o V«. £^ # 7 ) ^q-^- Q£?>) 7J-M}^ ^EflS ^ 9X^. A o V 7] 

<24> atb, ^ 4€- ^£^1 r^*}^ 7l^r ^><i ^Ajs]^ Aj- 

71 «VE*fl 71 # ^ 0 H1 MIM <5>«- #^-g; 

W. #7] z>}^- a o V 7 ] aV^^j 7 ]^. Aj-ofl ^a^jt. A^ t}S- 7M 

5L^-*Rr -R-^l^M: ^l^h ^7] MIM T^aIe^ s>w ^ Aj-ofl #7] o. 

^£ Jf-g-^g; 7fl^fl*H ^71 MIM ^SflAlEi^ <5>«- A}^- ^-Ai^ ^Efl 
S MIM ^5flAlE^ Aj-w. ^^-ol ?$^5\o] olcf. Aj- 7 j MIM 7^ X\ B\°) A 0 >w. Ai^- Aj-ofln]- 
tb^iLS. *§^S\°) aZ4. A o V 7l ^^5V 3fl^i Aj-ofl a o > 7 1 MIM ?!5flAlE^ 

^71 ^o VJ f ^ A oHl Cf^7fl^ *fll %7\ Q<£^o] ^AjEjc^ ojcl-. ^ 

7} Hl^ iflofl Cf^7flSl ^ Sfl^.^ ^ yfl^i^^l aJ4. A o V 7l MIM 7l3fl 

*13 Aj-«.^ A o V 7 l Cf^7llSl ^fltg 2)] = ^ S-^ tiflAi^^- ^7flSl *fl2 tilo>^ 

^ *fl2 ^<2^°1 ^^£1^1 ^icf. a 0 v 7 i ^7ll£l *||2 Wlo>^ tflofl Aj-7] cf^7l]Sl 

^fl^ sflH.^ ^-^ tifl^i^^: *^><^ ^7} MIM ^3flA]E^ Aj- 7l A o >«. <g^£]^ tifl 
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ig^g =7) o. ^O^nVol MIM ^3flA)E^ ^ #J=L ^o\] <£^Q tiflA^ A\o] 

c^IaI^ ^ aj^^ 7>xl 4^ ^Efls ^ 5U^, ^3 ^ 

7]- Cf^-ol] Aj-^Hr ^HHl 3^ «W4. ^3 -^^1^1^ # ^3HH 

sg^-^o] Xl-il^ 7>a1 AHl?ti ^-g- ^ A ^*}7) ^*}<*| ^£]o^l^ 

^olcf. £^^A^ nV 3.7} S^r ^l^r ^ ^ ^ * $1 *H 4^ 

^ i£*V, t}-g. ^ 7l^^ "^(^-)"<>ll 7l7fl^ ^-f, 

Aj-71 ^-o] Aj- 7 j c).^. DV^ <?H1 ^ ^£ 9X3- , ZL AVojofl ^13^ tf-g, 

<27> n 3 A ^ H a V^6|l ojjfl MIM ^Sfl^l- ^ a>£^l ^^§>7l ^ 

<28> ^-^l^O.^., «KE*)1 7l^-(101), 7l3& S^^l ^ <^<*(103)2l- 

^^(105)^1 *§^SM o^Cf. ofl^Jl <3^(105) TflolE ^cgnV( 10 7) 

7fl*flSM 7llolE(io9), ^ =efl<?l(113)^: i^V^ S^li^}- ^ 

5U^. A o V 7l ^iL^(lll) * ^eflo](113)^r «V£^1 7l^-(101)^l 

^ «8^€ ^ o] r+ . Aj-7] m^^t] ^o])±r 115 HI ^* 

(117)^ A o v 7| cg^ (105 )^ nefl°l(il3)3}- ^#«}^r 3flt€(119)°l 
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<29> av 7 ] sfl^(119) -Mfe afll tiW^(121) ^ afll S<ffl*l(122)l- 7>^1^- A\2 

^^^"(123)4 all 3 %<&^{125)°] 9X^. A o v 7l *)l2 ^^^-(123)4 *)13 ^<&^ 

(125) ^IH^ av 7 ] j= ^^1(122), afll tilo}^(!21) ^ -s«(117)-a- #7l 
EliL ^^(105)21 ^efl^](113)^- ^#*}r MIM t^aIe^ z>}™- ^^-(127) ^ afil wfl^i 
#(129)°1 *$^5\o] SX^-. ^7} MIM ^sflAlE^ ^( 12 7) ^ 0 H1^ -3-^1^(131), 

MIM TislHEioj ^ ^^-(133)^1 *S^3<H S^m. 

<30> 4V 7 l Aj-w. ^^-(133) Mr *fl4 3fl^(i35) ( *fl5 ^^ei-(137) ^ *fl6 

^(139) ^jsm *U %^ *£<&^( 141) ol #?1 afll *i<£^- 

(141)21 #- t^I^ 0.01/mi ~ 2.0^, ^^1-711^ 0.l m ~ 0.8//m3. ^^*V^-. -#7] ^14 
^o^nv 5flEi(i35), *fl5 ^"3^(137) ^ ^16 ^^^"(139)^ ^^^S ^*Hr 

3j5L 7Bt<5}-t}. ol^rH^ir A o v 7l afll ^^KUD-i: *fl4 3111(135), ^5 ^ 

^^(137) ^ *fl6 ^«gsl-(139)^-S ^Slr it^S}^ ^M", #7l *f|l ^ 

o^^-(141)^ *fl5 ^^^"(137) ^ afl6 ^9jei-(139)^.S ^^-S. -i^SflS. -^^*> 

^. 

<31> #71 MIM Tl^El ^ afll tifl^i^(l29) #3 afli ^^^(141) iJHtt ^7] 

MIM TlsflAlE^ Aj-H. 3^(133) ui tiH^^(129)* ^#*>^ A}2 *]o\^{lA?>) ^ ^12 
S^fl^l (144)^, ^-7} z\}2 H$*l(144) ^ *112 aW#(143)* Sfi^ aflH.^ 

^ yfl^d*(145) ^ *ll2 afl^(149H 5Zcf. 

<32> a o > 7 i MIM ^sflA]El Aj-o] ^ 2 e ^^(144) ^ *fl2 tilo>l-(i43)^ ^-^7flS. ^*Rr 

1-^ ^EflS ^i^-. A 0 >7l ^fl^ 3fl^^ -5=-^ afl^l#(145)2] s.^ MIM ^SflAlE^ 
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SHf^C 127)31 ^ ol*>, ofl^cH 200/ffli ojsVS. ^ 9X^. A oM 3fl = -g- ^-^ 

tifl^i#(145)^ ^4 £1X1 ^ ^4. ^-71 ^ sfl^-g- ^ 

<33> a o v 7 ) ^ 5)] = ^ s.^ Hl ]^A( 1 45) ( *)] 2 H flAi#(i49) ^ XU €^(141) # 

^Itt Xl7 ^^^"(151)31- *118 ^<3^(153)-^S ^€ Xl2 ^<2e!(155H 
5U4. A J"7l Xl2 ^<£^ # n^l^r 0.01/^n ~ 2w, «>#2]^H1^ O.lMm ~ 0.8^3. 

^^W. Xl7 ^^^"(151) ^ Xl8 ^^s|(153)^ -g-^tb ^ ^ ^^<L3. ^ 

<34> XI 2 ^^^(155)<H1^ <#7] ^ ^ afl^U45) ^ ^12 

«ti^(149)^r ^#*}^ XI 3 hW>1-( 157)4 Xl3 Xl^(161) ^ XI 3 S^H^l 

(trench, 159)7} #7l Xl3 wl°r*U57)£: ^7flS ^*Hr 

*J*>4. XI 2 ^^(155)41 XI 3 Hlo r -fr(157)4 XI 3 S 31*1 (trench, 159 HI 

^ MIM T^a^sI Aj-«. ^^-(133)^ #31^ ^#*Hr XI 3 «fl^^(161)<>l ^^5)<X 

<35> £ ^x^o) y>tr^ ^ofl olc^Ai, # 7 1 MIM ^X^E^ AjOjLo|j ^ sflJEL^ 

^ X|^(145)£r #7) MIM TtsflAlE^ Aj-w. ^^-(133)4 XI 3 «fl-id^(161)Sl 

W ^ #BiZLS.^ Af-g-^cf. D]jH, £ #51X1 i*H 5&<>H, A o V 7l Xll % 

# =a^^(141)4 XI 2 ^^r^^^-(155)^-S t^S: MIM 71X1*1^ s> 

4 ^^-(131)4 XI 3 tifl Ajf,( i6i) 4°H ^Xl^rXl 3^5. «y:3}3j°l ^XM^* 

53 °1 7>^^>Cl-. 
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<36> £ 4 vflx] £ 10£r 5. 3°\] 5.*)^ MM ^sH^* ^ ^£.^11 

<37> £ 4-i- 71^(101), ^m^fl #°fl E.®*} ^ 

(103)-g: STKShallow Trench Isolation) *^<L3- ^, aVS^l 71^(101) A o v 

ofl 7fl°lS. ^oinV( 107 )^- t^^t}-. #7] 7])o}^ ^^BV(15)^ ^o]H(i09)l- ^ 

^-t^ ^^nf. ^"71 7flolE( 10 9)o) oj^^ofl ^o^(m) ^ -ELefl<y(113)^r 

<38> aj-71 Tflolsdog), ^_£i(lll) ^ =eflol(H3)ol ^JE^l 71^(101) A <H] 

enhanced (PE) -Oxide), Jl^S. ^s^CHigh Density Plasma(HDP) Oxide), 

Z.p> o]«fliiE Efl^.i ^V5)-^|-(PE-TE0S oxide), 31^: ^s^MHigh Temperature 
Oxide(HTO)), til-sH^l^KBPSG layer ) S^r -R-^ ^HsKKFlowable oxide(FOX)) ^ 
cf^nv ^ ^tr^r. ^7l ^11 ^^^"(115)^ 0.01/zm - 2^, y>^^>7fl^ 

OAm - l.Ow^ ^"71 ^^^-(115)^1 ^ €• 

^*(117)# -^71 €-^*(117)ol «V£*fl 71^(101) ^^^1 

£ ^^nV^ ^ Jg.#s] A>^1 £ wj-^ofl o^Sfl -S-71 ^^*(117)^r ^J" 

7l =efl<y (113)^ ^*Kr 51*131 5fl^i(119)# ^*bi=f. 
<39> #7l ^4 2flH(119)ol tilH^l 71^(101) ^^l ^12 ^^^"(123) ^ *H3 

^^B]-(125)# ^^V^^S ^tr^r. ^-71 *fl2 ^^^-(123) ^ *fl3 ^^^(125)^: 
nv ^o. ^a. ^<goi- ( o^l^cfl FSG(Fluor ine-Doped Silicate Glass)^-, 0SG(0rgano 
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Silicate Glass)^ ^ ^-7] #5^ (Inorganic Polymer)^ °] W 
*\)2 ^^(123) ^ *H3 =£<?!^(125)£: CVD^, PVD^ , ALD^ IE^r S^CSpin 
Coating) 1 ^ °l-g-*H <8^^. A oM A]2 ^«£*Kl23) £ *fl3 ^<3^(125)£- O.Ol^n ~ 
2im^ «}^-3i*>7fl^ 0.3^ - *§#tr4. 

<40> cf^-ofl, o]^ t]-pRI(Dual Damascene) °l-§-*>°i #7"1 *fl2 ^^^"(123) ^ 

*I13 ^<gnv (12 5) vflo] ^! tilo>i(i21) «g afll M^^1(122)<H1 MIM Ti^E^ <5>Jf^ 
(127) ^ *)U «fl*I#(129)* ^gW4. o]^ u}u>a1 sJ^e o] 

^ t^RKVia first dual damascene ) ^ ^ M^S^l t}u}a1 (Trench first 

dual damascene) a o v ^°l ^3. ^r-§-€^f. 
<4i> «lo> s^e o]^ c}-p>a1 yj-u^ ^ a o v 7 ] ^£^(123) ^ *l| 3 ^<£^ 

(125H1 afll al«5>*(121)-i: <8^tr ^ #7l X|3 3£*Kl25H *fll H3J*1(122)» ^ 
#7l e^*] sliS c]-p>A] ^ ^3 *1<S*K125) i^H E^fl^l 

(122)1- ^#tb ^, A oM m €<S^(123) *fll wlo>l-(121)^: ^W=K 0)0^ , 

^-71 *fll ti]o r #(121) ^ >fll M3l*l(122)7> tiK£3l 71^(101)^ A o v 7l *)] 

1 afl^(129) ^ MIM 7^ ^^(127)^ ^>-g-£l^ H^^M: ^^tr^. ^r^- 

°\], CMP y o V ^^- -8-71 afll tilo>^(121) ^ afll e ^1(122) o]9]o\) ^zVs} £ ^ 

nvo. >fl7^}a) MIM Ti^E!^ s>^-^^-(127) ^ m yfl^l#(129)# ^Hl 
<42> #71 MIM 7l3flA]Ei^ *Pf*l^Kl27) ^ m tifl ^1^(129)* ^*Rr « 0 V^^r ##tt 

^>^1 ^Ivl * A o v 2l y c v ^, ^l^i^ *fli ylo>^(i2i) «|#, #7l *)U ti]o>^ 

(121 )^- -aeH s.elzL tg#, #71 afll S^^l(122) ^fl 1 ^ ^ 3 

^-§- H^SV ^3]-, #7l £^5|2l 5^7} 741^°!^ ^^1^* -f-^V^ ^ ^14. 
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<43> ^7} *fl2 ^^^-(123) ^ ^H13 <£<2^(125)£- ^ ^ ^-^AS ^ 

5&4. A o v 7l *fl2 ^°!^-(123) ^ ^13 ^^^(125)^: ^7fl^ ^ sVM-^ i^o 

5 ^ Xlcf. ^-71 afll e ^^1(122)^ ^-7] ^3 ^<a^(125)^l ^A £U, 
A J-7l *fl2 123)^ AS D) ^A 

<44> a o V 7 ] MIM ^sflAlE^ #^-(127) ^ afll yfl^(129)AS Al-g-s^ A^Kg, 

^1^1 rfl ^-el^-, Al^-, Ti^, Ta^, TiN^, TaN^-, TaSiN^, TiSiN^, WN^ IEtt 
WSiN^ ol-g-TsH ^ oicf. A o v 7 ] MIM ^sJMe^ ^ ^(127) ^ afll 

(129)AS ^-§-£1^ A^£r CVD^, PVD^ A^ *l7lA^ (Electroplating) AS ^ 
^ ^ ^71 MIM tH^e^ is}* #=-(127) ^ *fll tifl^(129)AS A>-g-5]^ s. 

0.001/zm - 2wQ , 4^*1- 0.05/an ~ 0.8^ ^TflS 

<45> ^-7) *>Jf #^-(127)°l >£A*fl 71^(101) ^1 MIM 7^^^ -^^^1^- 5fl 

^(131)4 ^ ^^-(133) ^ *fl4 £<£^ 3]]Bi(i35)^- o_s ^^^r4. 

^fl^AS, #7] ^ ^(127), ^3 ^£^(125), ^11 wfl^^(129) #°fl MIM T^a] 

^-^^im, ^ #^-g- *fl 4 ^<^^ ^^>^ AS ^ ^/^^ 

o. ol-g-^c^ sflEi^H 3(111(131), A*l^ ifl^ol MIM 7l2flAlEl^ Aj-tL 

(133) £ *l]4 ^(135)* ^A^vcf. Aj- 7l 3flE^A] ^^^-(127) #7l -fr 

^i^nv sfl^(13lH 0.001^ - l/miSl ^^1, ^Tll^ 0.01//m ~0.1/mi^ ^lS tfo} 

&A-1=- ^ ^ (127) AS A>-g-s]^ <^i£ sHKOut Diffusion) AS. 91 

6 <3^# -fM^cJ-. ^3 o_s, *>A*ll 71^(101) ^Hfofl ^ 
€ ^ 3^(127), -fr^TJI^ sfl^(131) ^ ^ ^(133) AS MIM 71 afl a] e^ 7> 
^^14. ^"fl A o V 7l ^^^"(133)^ ^"71 ^^-(127)1: ^BflS ^ 
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^*Rr ?A°) H^ 2 !^. #7] ^(133)£r ^^^j^-S #7] 

^^-(127) iix} 3.711(^711) «g^sq<H -*7l Sl-Jf *I^-(127)# ^*1*1 #*>fe 

<46> a>71 -B-^^l^ 3fl^(131)^r ^s}-^-, SiC*h SION^, SiCN 1 ^, SiOF^, SiOH 

Hf02^, Zr02^ 2Ltt A1203^AS ^7} -fr^^l^ ^€(131)^- CVD^ , PVD 

^ iE^r ALD^* ol-g-^>o^ #7] 4^(131)^: O.OOl^n - l[m, y >^^ 

*>7ll^ 0.01^ - 0.5/zmSl A oM ^ ^(133)£r £^d^S 

^71 #^-g- ^e)^", TaN^I, Al^-, Ti 1 ^, Ta^-. TiN^-, TaSiN 

eh TiSiN^, WNej- SE^r WSiN^-i; °l-g-*H ^ A J"7l ^ #^-g- H^^r CVD^ 

, PVD^, ^7l£^-^(Electroplating)l- -SM #^-g- 

0.001/am ~ 2/anSl ^^1, y}^-^s>7ll^ 0.05^ ~ 0.8^ ^^4. 

<47> #7] *fl4 ^^^ v sfl^(135)^- ^5}-^-, FSG(Fluorine-Doped Silicate 

Glass)^, OSGCOrgano Silicate Glass)^ ^ SiC^^^ o]^ z>}i^o\ ^ ojs-o} ^ 

f?|^ <>l-g-«H*| ^7} ^4 2fl^(l35)^r CVD^, PVD^ SE^r ALD^ °1 

-§-*H $^Sh=k ^"71 ^14 £<&^ 3flli(135)^r 0.001/zm - l/un^ ^-*Q , a}^*] v}?)}^ 
0.01/mi ~0.5w$\ ^ ^"71 *fl4 3fl^(135)^ ^Ml ^-fc %^7] 

^*<HH ^*f|^r ^ 3XS= 91^. 

<48> Cf^-ofl^ ^-71 MIM 7l3flAlEi7} f§^^ »V^) 7}$r(101)9] ^ofl *fl5 ^^^(137) 

4 *fl 6 ^o|^(l39)-fr °H1 <#7] MIM TlsflAjEl^ a o >w. ^^(133) i\] 
1 wfl^i#(129) ^oHl ^7} *fl4 *i<$n 3^(135), *fl5 <£<3*K137) ^ ^15 ^^^(139) A 

5 *fll ^<3^(14lH ^^4. #7l ^15 ^^^-(137)3]- ^|6 ^^^-(139) 
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£ SiC^h, SION^", SiCN'X, SiOF^. SiOH^\ Hf02<X, Zr02<X 5£tt A1203^ °1 

-§-^V<X A o v 7l Xl5 ^^^(137)4 Xl6 ^^ev(139)^r CVD^, PVD^ S^r ALD 1 ^ 

-g- ol-g-^o^ ^^^Vc}. a>7] X|5 ^^^-(137)2]- Xl6 ^°!^-(139)^r 0.1m ~ 2w$) ^Ml . 
vl&^-s}^ o.3//m - 0.8 im\2) ^7} XI 5 ^£^(137) 4 Xl6 =g<S^ 

(139)£ ^ ^ ^*Rr 3<X 7>¥*H. 4^7flSl ^ *>M- 

<49> 51 5 ^ S. 7# #2:*>^, $M olf^ C]-P>Al h d V^^- ol-g.^> 

<*j ^2 «loVg.(i43), XI 2 1=31*1(144), 31^ XI = *| ^#(145) ^ Xl2 Xl*}# 

(149)-i: ^tb^X. 

<50> Xl2 Hl<X-fr(143), Xl2 S 31*1(144), 31^ X|i=^ ^ ^##(145) ^ XI 2 afl 

*I#(149)# *8>$*Kr ^>^1 °o v ^ <X <X\i y o v ^, Xl» ^ XI 5 £ 

<3^- ^(137), XI 2 tilo>^(!43) XI 2 «1 <X*( 143) -8: 5«? ^^ZL 

XI 6 ^<£*K139) XI 2 i= 31*1 (144) XI 2 «fl^ ^ 31^ ^ «fl4d* 

-§- f^ v , ^"71 s^MXl^^KCMP) S]*|-<X 3^ *r &*X-. 

<5i> at]. ^xi^l-Xl, £ 5 iflX £ 7^- °1? ^Rl y l<X °1^ *X 

*}^1 y o v ^Xl ^sfl XI 2 «1<»>*(143), XI 2 ^.31*1(144), 31^ X|.E.*§ ^fj «fl^4^(145) ^ 
XI 2 X^^(149)# l^sm y o>^* -i^^X. *=3l*l X^ tfp>Ai « 0 V^ofl 

£]*fl XI 2 «1<X*(143), XI 2 J1L 31*1(144), 31^ X| = ^ «fl^^(145) ^ XI 2 Xl^# 

(149)-fr $^*Rr ^£ 7>^*HX-. 
<52> S. 51- X^l^X^^I: ^l-S-^l- 0 ^ ^71 XI 1 %-l}*d<£n9l XI 6 ^<S^X 

(139), XI 5 ^^^"(137) * XI 4 Xm(135)^g: XliX^H XI 2 «]<X"I-(143)^- ^ 
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#7) *\}2 Hl6>*(143)^r MIM 5H311a}e^ ^^-(133)4 XU wfl^(129)-8: ^ 

<53> £ 6# ^3:^, ^r^ 2 ^^ °l-g-*>^ MIM T^^Ei #ofl *fl 1 ^ 

<5j*L ( afl^tfl ^16 ^£^(139)^: ^ea^ 0.5. Xl2 afl^^(i49) ^ 

<ffl<3 Tjflc^ s.^ ui]A]^(i45)ol ^a^ *fl 2 M^^l(144)l- ^"71 iffl^ sflJEL^I 

^ tifl^f^(145)c>l *fl2 e^^( 144 )^ MIM Tl^AlEi Aj-cq f^^o^, 

<^mtfl Xl6 ^^(139) vfloll *§Ajs|T3Ai ^2 Hlo>^(143)icf z\^o] ti EL7\) 

<54> s. 7-jr ^S^, #7} *fl2 tilo>^(U3) ^ *fl 2 M 31*1 (trench) ( 144) vflofl nfl^s} 

31^ sfl^^ s.^ Bfl^^(l45)2r ^12 afl^^(i4 9 )^- ^a^t}. #7} ^ ^fl^^ ^ 
wfl^(145)£r XI 4 3fl£l(135), *fl 5 ^^nV( 137 ) ^ ^ 6 ^04^(139) ^-S 

m ^£^(141) v|H X12 tilo).^(143) ^ X12 S^^l(144)^l ^^^4. 

<55> a o > 7 ] ^ zflcfg SLig tifl^i^(145)^r m til^(143) ^ X12 ^^^1(144)1- ^ 

*KE-i=- *VEX1 7l#(101) ^^Mr Mtb ^ ^-^Tfl^^r^ ^£r*M 

-^71 afll %7\ ^<3^-(141)^r ^^Hr X]6 ^<3^(139)2] M&A ££r 
. #71 ^ sfljE.^ «fl^(145)£] MIM 7i3HE| ^>«-^^-(i27)^ o]*}, 

afl^tfl 200um ^I^Rr fr^^r^. A oM 31^ ^ ^^(145)^ 

Aj-Jf ^o. S-j^cf D| 3.7fl T aI^-. ^7l MIM ^3flA]E^ <5>^- *i ^- ( 127 ) ^ 

tf-Mfe XI 2 afl^(149H ^3*1 <&5m a}^^. #7] ^ 

^ tifl^l^(145)^r aflAi^o.s. ^Aj^ 5Jo] y>#Ai5>c}. 
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<56> a o v 71 ^ sflc^ s.^ Bfl^^(l45)2f *H2 «B^l#(149)-g- sfliEL^ 

^11^^(145) ^ ^12 tifl^d#(149)^ ^r^, ^flcfl ^ ^\ Al^\ Ti^\ Ta^ v , TiN^", 
TaN^", TaSiN^", TiSiN^, WN^I Sfe WSiN^-fr °l-g-*H ^tr^r. ^7] ^ 3fl = *§ =- 
^ «ti^(145) ^ ^12 ^#(149)^ CVD^, PVD^ , S^lS.-^ (Electroplating)^- °] 
-§-^H H^tr**. ^"71 ^ sfljE.^ «U^#(145) ^ ^12 «fl^d^(149)^r O.ljum ~ 2 

^ = M ].^-3]^>7fl^ 0.05jc/m -0.8^ ^ th=K 

<57> £ 8-§- MIM ^sfl^lB^V «V£^1 71^(101)^1 ^^l *fl2 # 

# ^^5|(155)^-S A>-g-£|fe- *fl 7 ^^^"(151) ^ *fl8 ^^^"(153)^: # 
7l sflJEL^ wfl^fKl45) ^ afll #^^^^"(141) tfofl ^2 ^^^-(155)^. 

S.^ W ^^^"(151) ^ *fl8 ^^^(153)-i- ^tr^k A oM A]2 aJ£^(155)£- # 

<58> a o v 7 i *117 £0^(151) ^ ^18 ^^^-(153)^8- ^r£r ^-E- 

SiC^, SION^-, SiCN^, SiOF^k SiOH^k Hf02^\ Zr02*h A12Q3*M- °l-g-*H 
^^W. ^7) z\]7 €^^"(151) ^ *1l8 ^^^(153)^ CVD, PVD, ALD^^-i: °]-§-*r°i 
^tr^k ^"71 *fl7 ^<?ls]-(151) ^ *118 ^^^"(153)^ O.OOl^zm ~ 1^ ¥^1 , tif#^*f 
711^ 0.01 /an - O.lymZ) ^^r^k 

<59> £E^, #7l ^17 ^^^"(151) ^ *118 ^^^(153)^: ^ , ^ 

cfl FSG(Fluorine-Doped Silicate Glass)^\ 0SG(0rgano Silicate Glass)^, -?-7l 
(Inorganic Polymer)^ ^l-g^}^ ^^*Vr4. a o v 7 i ^7 ^<^ni-( 151 ) ^ 
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*Kl53)£- CVD, ^ ^^(Spin Coating)^ £.5. XI 7 ^^^(151) % XI 8 

*l«3^(153)<g: O.Oljum - 2//m^ , ^^Ml^ O.l^m ~0.8^m3. ^^tb^f. 
<60> 3^ cfnfA] wj-^o. ^3 a] o}:|.( l 57 ) , XI 3 

S€*l(153) ^ XI 3 wfl^#C£ 3^ l61)-§- MW". A oM XI 3 t>l<X-*(157) , X13 S^^l 
(153) £ X| 3 «fl^CE 3^ 161)1- ^*Rr y o Va J^r A o v 7l ^0} o}^ Jg- 

^ y J"^, °fl» XI 7 ^^^-(151) XI 3 «W*(157) xi 3 til<X-*(157)-8: 

XI -Hr XI 8 ^£^(153) XI 3 S^H*] (159) Xl3 *fl>d* 

*§^-§- 4>M Xl^^B^H s]*><X ^*Rr 

<61> j£t]. ^-Xl^VXl, £ 9 ^ £ 10£r ^>^1 y l°> ^1 

cfD>A] ^ofl o}*fl xl3 wW#(157), XI 3 M 31*1(159), ^ X]3 wfl^^(161)# *§ ^ ^ 

H^l 4th>a1 ^ofl ^«fl XI 3 wlo}*(157), XI 3 

M 31*1 (159), XI 3 *ti^(161)# ^*Rr ^£ 7>^*>cf. 

<62> £ 9-1- ^S^, ^^^-i" o]-g-<5H #7l X|2 f^*l £*Kl55)Sl X|7 

*Kl51) ^ X18 ^^^-(153)# X)e^<5}<X XI 3 157)^8- #7} XI 3 wl<X> 

*(157)£ ^71 ^ ^ wfl^^(145)2}- XI 2 «fl^i#(149)* ^#^^14. 

<63> £ 10 -§. %^*>^, ^^zl-^^-a- °l-g-*}<X #7] XI 2 ##^^(155) 2} <a^-, ofl 

cfl XI 8 ^«?1^-(153)1- XI 3 X]*i^(161)<X ^€ XI 3 

(159)1- $W*=h A oM XI 3 «fl-5d^(161)ol XI 3 H 31*1(159)^ #7l XI 2 f^^g 

^^•(155), 151 X]8 ^£^(153) ^] ^-M^i X13 «1 °}*( 157)^.4 ^ 3 

XI *§^tK 
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^-g-ofl, £ 3 oj| £Altb h}^ #7l 43 ol°l-*(157) ^ ^13 S$*l(159) vflofl 

nfl^s} ^fl3 tifl/d^(161)* *§#tb4. ^, #7l ^|3 «fl<3^(161)£ *fl7 ££*Kl51) £ 
^18 153)^-5. ^12 ££*Kl55) ^1 ^3 «1 157) ^ Xl3 

S 31*1 ( 159 H ^#^14. #7l Xl3 *fl^(161)^ Xl3 Hl^(157) ^ *fl3 J= 31*1(159) 
1- nfl^*>£^- ti>£^l 7l^-(101) #^1 i^-i- H^tt * ^7l7fl^<^n>^ O.S. ^ ^ 
s^H °H n* 2 *, #?1 Xl3 ^#(161)21 #7l Xl2 ^^J^ 

(155)-§- ^#*Hfr ^18 153)2} S.^s\- ^ ^#=1^. A o v ?l *113 Hfl^ 

(161W « ^ yfl^^(145)3f Xl3 ylo>#(157)^r 4^71]^ ufl^ 

AS ^#*Hr ?M »>^W. #71 Xl3 tiflAl^(l61)^ #4=^, i 1 ^^, Al*h 

Ti^, Ta*h TiN^l", TaN^, TaSiN^, TiSiN^, WN^ S^r WSiN^ °l-§-*H *§#W. 
#71 Xl3 ^^1^(161)^ CVD^, PVD^, I&^r ^lJE^ (Electroplat ing)# °1 -g-«M ^ 
*1l3 Hll^l#(161)-gr 0.01//m ~ 2/zm^l ^1 , t^^l ^Ml^r O.ljtzm ~ 0.8/zm2l 

^^l ^HHHtt °1^ 4^1-^1 H o v ^# °l-8-tb ^#°fl ^*V°3 

^sfl ^#*}°i£ ^^H^. £i> ^HHHfe ^2 wlo}^^ ^3 «lo>^ ^ 

£21 ^#5>^ % AS XZAM- oH^^r *fl2 tilo>^^ ^# 

^^Jl, *fl3 tilo>^^- ^ Al X| 1 ^c^nV ^ X| 2 ^^-^o^nV^ ^ ofl M ^} 

^ ^#*>^ 7 A^ 7}^}^. 
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<66> AV-^V ti}<2} ^-O] MIM ^3flAlE^ ^ ^ 3fl = <§ ^ Wfl^l^ 
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[^^8- 1] 

#7] MIM ^^AlE^ -y-71 ^ ^ * ^ #d\] ^^S\JL, ^7} MIM 

TisxiHEio] ^71 ^ #6|| *U «lo>^# ^ ^1 ^<^B|; 

#71 MIM ^V*.^ Aj- 7 ) ^ S.^ tifl^f^ t#*>^ ^12 W]o>S- 

TisJMEi^ #7] tfJjL ^^TT «Fd## 3E.^H o)^o]x)^ s> 

^ ^£^1 ^7]-. 
2] 

3] 

*\U*M 9l°]*\, A oM ^ ^-71 ^-g- Q^f>) y^\^r ^EflS. 

3 -a- ^-^^ ^ «h£^i ^7>. 
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4] 

^11%H] 5^1, #7l #^ ^ *H^1 #7l ^v\]7\ $7] #Jf 

5] 

^14%H1 SU^I, #7l #-f *§^€ ^ °1^H ^ A <3€ #7} -fr^^l^ ^ 

6] 

*U*cH S^H, #71 #JSjL ^ ^ofli*. AV^nV ) ^^nV > p SG ^- ? QSG^, ^ SiC^ 
^2] ^H+^l ^ V ^o^nV 3flEiol ol^ ^ 

^^^-S <5>b 
13 ^ 7] 

b sa^i ^ 3* ^ «v£^ ^7>. 

^H%H1 #7] ^fli f^?J- ^<d^ #7l ^li tiioi-^cq- an #7l «]o> 

9] 

91°]*}, #71 *fl2 #71 7\}2 Hlo>^^.cf S J1 ^2 aW 

^ a^lS M^l^ll- ^7>5. 7Mb ^^SLS. <5>b «V£^)1 ^7>. 
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[^^H- io] 

11] 

*ll2 -g-'iltb ^-8: ^ o.^. f>}±± *}^} ^x} . 

12] 

13] 

^11^1 3X°]*\, #7] ^ tifl^l^S] ^ SLO] S-^V]- ^ 

14] 

«li^l 7^ ^ #7] *V£*fl 71^- ^-ofl <^3lf ^#<5>^ 

MIM ^sflAlEi^ 

^"71 -a-^^SV #ofl «g>£^ MIM ^SflAlE^ Aj-ja ^q-; 
^"71 MIM TisflAlEiO] Aj-W. ^ Aj-ofl ^cgnV 

A o V 7l ^ A o V 7l MIM T^aIe^ ^V7l AVJjL ^ AVofl 1 

o}«-8- £fe *fli 
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-8-71 MIM tf-^ #7] ^ 3fl = ^ s.^ «fl^## *fl2 til^V*^ 

^7} *fl2 Hlo>* $^5)uL -#7l ^ sfl^^ s-^ Hfl^-g. ^71 MIM 

^SflAlE^ Aj-y] A o V«. o^S)^ Bfl^-g- TA^r 

15] 
16] 

^114^1 81<H^, A oM tf^ ^i^-gr ^-71 <5}Jf ^^§1 ^BflsL ^ 

[^^^ 17] 

^Mlfe- O.OljMm -0.1<jn o J 53 # ^^AS Sj-fe- ShEafl 4i7>. 
13 t 1 * 18] 

*Hl4lM| £M A i, A o v 7l ^ ^ A oHl -t>^-^-, ^3-^, FSG^h OSG^", ^ SiC^h 

^-^S *f^r «l£^l dL*K 
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19] 

20] 

«K£*fl 71^; ^-oll ^7l #51*fl 71^ tfofl ^4 

MIM ^sflAlEiSl *}Jf 

A oM 5>Jf #7l #51*11 71^ ^Hl ^-^SlJl #7l ^ ^Hl 

^17} ZL o]S>}9] ^ofl ^£ ^1^.4 ^^Tfl ^£ ^-^^im; 

A o v 7] -fr^l^M ^£ ^^H MIM tH51]a)e^ #Jf 

#7l MIM ^3flA]Ei^ ^ ^ -tfofl tg^s} ^cgnV ^ ^ ; 

^71 *i<£^ ^Hl ^^SlJl A o V 7l MIM TisflAlE^ ^7} ^ ^ ^ *1 

^-71 MIM 7^1^ #7l ^ *fl^*l ^ ii#*>^ all 2 wl^>*-i: 

^ ^12 #?i €<3^-; ^ 

^-71 *fl2 *}°}& ifloll ^^jt. ^V 7 ] ^ sfl^ s.^ Hfl^i^^: #71 MIM 

^3flAlE^ A o V 7 l a>h ^^.4 o^S]^ tifl^^* i^5>^ ^l^^^l^ 3# ^-^^-5. <5> 
^ #51*fl 4l7>. 
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21] 

*i|20W SU^H, #7l #Jf #7l ^ ^^^1 ^^flS. 

22] 

^120%H1 sa°H, #7l #^ £^°1 ^ °1*H #71 -r-^i^ 

^l^r 0.01/zm ~0.1//m<?l 3# 4^!^ ^^l 
23] 

^20%H1 5a°H, #71 ^ sflJEl^ wfl^d^^r ^7flSl till^o.^ 

*8#€ ^ #51*11 

24] 

<&51*ll 71^- >S-6jl ^^SlJl #71 «K£*11 71^ tfofl ^#*Kr 

MIM ^sflAlBlsl s}Jf 

#71 ^d^-* #71 #51*11 7m #°fl *§#=):a *\3, 4^ ^l» 7>^l 

#7l MIM tWe^ ^ #°A # 7 1 -fr^^l^ 7fl*1|*H *S 

#71 MIM Tl^flAlE^ ^Jf £^g- ^Hfl^. i%A£Q MIM TlsflAlE^ 

#-¥- sH-; 

#7l MIM TlsflAlE^ #j=L ^rx Aj-ofl n> ^^O.S ^<3^" BflU; 

#71 #6fl t§^s)j7 #7l MIM TlsflAlE^ #7l ^ #<*ll 4^ti 

O} afl! UlO>i^ £i=. ^ ^<^UV; 
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